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ABSTRACT
Cuscuta reflexa is a perennial herb belonging to the Convolvulaceae family and is widely used as a valuable herbal drug in traditional medicine. Cuscuta chinensis, another species of Cuscuta , is traded under the same name in the local markets and is an identified
adulterant of the genuine herbal drug, C. reflexa. In this study, we have developed sequence characterized amplified region (SCAR)
markers to discriminate C. reflexa from its adulterant C. chinensis. The RAPD amplicons of 690 bp and 576 bp specific to C. reflexa
and C. chinensis, respectively, were selected. The RAPD bands were converted into SCAR by designing specific internal primers (SCAR
primers) for these sequences. The SCAR primer sets amplified 589 bp- and 464 bp-sized SCAR markers from C. reflexa and C. chinensis
genomic DNA, respectively. The detection efficiency of designed SCAR primers was evaluated by mixing the powdered seed samples of
both species in different ratios and amplifying DNAs extracted from these mixed seed samples using designed SCAR primer sets. The
SCAR markers developed for a given species were able to detect as little as 10% of the powdered seed sample present in the mixture. To
the best of our knowledge this is the first ever study that reports the detection efficiency of SCAR markers.
Key words: Cuscuta reflexa, Cuscuta chinensis, SCAR marker, convolvulaceae

INTRODUCTION
The usage of herbs to treat various ailments is widespread. There are a number of traditional systems of
medicine that dominate in the world including Ayurvedic,
Chinese, Roman, Greek, Shamanic and Unani. A report by
WHO indicated that as many as 80% of all the people in the
world make use of herbal medicines as main source of healthcare(1). Cuscuta reflexa Linn. (Convolvulaceae) is one of the
important herbs used in the traditional systems of medicine,
in India. It is commonly known as Akash Bail, Aftimoon
or Kasoos and is distributed throughout Ceylon and India.
It is a good carminative and diuretic. The drug made from
this plant has anti-spasmodic, heamodynamic, bradycardiac,
anti-steroidogenic, anti-hypertensive, anti-inflammatory,
anti-pyretic and laxative properties(2,3). In addition, it acts
as a good muscle relaxant and cardiotonic(4) and is known to
have psycho-pharmacological (5), anti-viral and anti-convulsant(6) properties. The methanol extract of C. reflexa exhibits
antibacterial and free radical-scavenging activity(6,7). The
petroleum ether extract of C. reflexa and its isolate is useful
in the treatment of androgen-induced alopecia by inhibiting
* Author for correspondence. Tel: +91-11-26059688. Extn.: 5583
Fax: 00-91-11-26059663; E-mail: mzabdin.@rediffmail.com

the enzyme 5-alpha-reductase(8). It is also used to cure
inflammation of liver and stomach and to treat patients
suffering from diseases such as chronic fever, constipation
and jaundice(9). Cuscuta chinensis. Linn., a parasitic plant
and another species of same genus, is traded under the same
name in the local markets. However, the medicinal value of
C. chinensis is entirely different from C. reflexa. The stem is
used in the treatment of sore heads and inflamed eyes(9). The
seeds are aphrodisiac, demulcent, diaphoretic and hepatic
tonic (9). Total flavones from C. chinensis regulate the proliferation and apoptosis of the deciduas and cytotrophoblasts
and prevent spontaneous abortions in rat(10). The flavonoids
from C. chinensis can protect PC12 pheochromocytoma cell
line against oxidative stress produced by H2O2(11). The ethanolic extract of C. chinensis exhibited significant antioxidant
activity by increasing the levels of superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx), and
by reducing malondialdehyde (MDA) levels(12). In contrast,
the same doses of the aqueous extract of C. chinensis did
not show any hepatoprotective effect as seen in the ethanolic extract and resulted in further liver deterioration(12).
Both species are hermaphrodite, parasite and perennial.
However, adulteration of both species with either of the two
may reduce the medical efficacy, and mixing with each other
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may even cause unknown effects on the human system.
Therefore, identification and authentication of the herbal
drugs are crucial for quality and efficacy. Recently, various
DNA-based markers have been successfully developed for
the detection of the adulterants and the authentication of the
genuine herbs in the local market for the purpose of quality
control and standardization (13).
Various molecular markers, such as restriction fragment
length polymorphism (RFLP), amplified fragment length
polymorphism (AFLP) and randomly amplified polymorphic DNA (RAPD), have been used extensively as genetic
markers in plant breeding(14) and authentication of various
plant species(15). However, RAPD markers can be converted
into even more stable, reproducible and reliable markers by
cloning and sequencing. Designed specific oligomers from
cloned RAPD amplicon when annealed under stringent
conditions, amplify a single band corresponding to the
genetically-defined locus, sequence characterized amplified
region (sequence characterized amplified regions, SCAR)
marker(16). SCAR markers have potential characteristics
such as ease of development, high sensitivity, high reproducibility, requirement of small amount of DNA and cost effectiveness. Thus, such molecular marker technology proves to
be a valuable tool not only for the genotyping of medicinal
plants but also for detecting adulteration and substitution in
herbal medicines(17,18).
In the present study, we have developed reproducible
SCAR markers based on polymerase chain reaction (PCR)
products amplified by random primers to efficiently distinguish the genuine herbal drug, C. reflexa from its adulterant
C. chinensis. Detection efficiency of the SCAR markers was
further tested by mixing the two variants in different proportions and to the best of our knowledge it is the first ever study
reporting the detection efficiency of SCAR markers.

MATERIALS AND METHODS
I. Germplasm Procurement and Genomic DNA Isolation
A genuine sample of Cuscuta reflexa was obtained
from the Central Council for Research in Unani Medicine (CCRUM), Hyderabad, India. Its adulterant Cuscuta
chinensis was procured from Khari Baoli, New Delhi, India
and Iran. The samples were identified by Dr. H. B. Singh,
National Institute of Science Communication and Information Research (NISCAIR), New Delhi-110012, India. The
voucher specimens of C. reflexa and C. chinensis (NISCAIR/
RHMD/Consult/-2007-08/937/121) were deposited in the
NISCAIR. The genomic DNA was isolated from the dried
seed samples of C. reflexa and C. chinensis by modified
CTAB method(19).
II. Amplification of Genomic DNA for RAPD Analysis
The genomic DNA was extracted from the powdered
seed samples of both plants and subjected to RAPD analysis.

PCR amplification(20) was performed with a OPC primer kit
obtained from Operon Life Technologies Pvt. Ltd. Amplification reaction was performed with a reaction volume of
25 µL containing the following components: 2 µL of DNA
template (15 ng/µL), 2 µL of dNTPs mix (2.5 mM each),
0.5µL Taq DNA polymerase (3U/ µL), 2.5µL reaction buffer
(10 X) and 2 µL Primer set (15 ng/µL). Final volume was
made up to 25 µL by distilled water. The PCR amplification was achieved in a Techne Thermal Cycler TC (Touchgene) using the following conditions: Initial denaturation at
94°C for 3 min, 45 cycles of denaturation at 94°C for 1 min,
annealing at 35.5°C for 30 sec, and extension at 72°C for
1 min. The samples were subjected to a final extension at
72°C for 3 min. The PCR products were then, resolved on
1.2% agarose gel, visualized and photographed under UV
transilluminator (UV Tech, UK). Electrophoretic profiles
were analyzed for polymorphism based on the presence and
absence of DNA bands on agarose gel. The experiment was
repeated three times.
III. Conversion of RAPD Band to the SCAR Markers
The unique RAPD amplicons from C. reflexa and C.
chinensis were excised from the ethidium bromide (EtBr)
stained agarose gel and eluted by DNA purification kit
(Fermentas). The purified amplicons were cloned into the
p-GEMT Easy Vector and used to transform the E. coli
(DH5α).The transformant cells were plated on Luria Agar
medium containing 50 µg/mL of ampicillin, 40 µg/mL of
IPTG, 40 µg/mL of X-gal and incubated overnight at 37°C.
Plasmids were isolated from the overnight grown culture of
the white colonies picked up from the plate. The presences of
insert were confirmed by restriction digestion of the plasmid
DNA with Eco RI. The cloned amplicons were sequenced
by automated sequencer using T7 forward and SP6 reverse
primer sets (Bangalore Genei, Bangalore, India).
The nucleotide sequences of RAPD amplicons were
used for similarity searches against non-redundant database
using basic local alignment search tool program (BLAST)(21).
Specialized Blast was used to screen the sequences for vector
sequence contamination(21). Further, the amplicons were
used to design specific primer pairs using PrimerBlast(21).
The conditions for PCR amplification were as follows: Initial
denaturation at 94°C for 1 min, denaturation at 94°C for
1 min for 30 cycles, annealing at 58°C for C. reflexa and
65°C for C. chinensis for 30 sec, extension at 72°C for 1
min and final extension at 72°C for 1 min. The amplification
products were resolved on 1.2% agarose gel.
To check the minimal level of template for amplification
using SCAR primers, the seed powders of the two Cuscuta
species were mixed in different ratios (Table 1). Genomic
DNA was extracted from all the samples and each of them
was used separately as template for PCR with SCAR primer
sets (C1 and C2) with the same amplification steps. The
amount of DNA present in each PCR product was tested
quantitatively using a spectrophotometer.
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Table 1. Powdered seed samples and genomic DNAs of C. reflexa
and C. chinensis mixed in different ratios to check the sensitivity of
the SCAR primer of C. reflexa
S. No.

Ratio

Dry weight of seeds (g)

Amount of DNA in
eluted amplicon (µg)

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 m

101b
31b

C. reflexa C. chinensis C. reflexa C. chinensis
1

10:0

5.0

0.0

17.7

0.0

2

9:1

4.5

0.5

15.0

0.8

3

8:2

4.0

1.0

13.3

1.7

4

7:3

3.5

1.5

13.0

3.1

5

6:4

3.0

2.0

9.8

4.2

6

5:5

2.5

2.5

8.7

4.9

7

4:6

2.0

3.0

7.2

7.2

8

3:7

1.5

3.5

3.8

9.8

9

2:8

1.0

4.0

2.7

12.4

10

1:9

0.5

4.5

1.1

14.3

11

0:10

0.0

5.0

0.0

16.2

11b

11b

750bp
500bp
250bp

500bp
400bp
300bp
200bp

Figure 1. RAPD profile of C. reflexa and C. chinensis with OPC01(lane 1- 4), OPC-02 (lane 5-8), OPC-03 (lane 9 - 12) and OPC-04
(lane13 - 16). The pattern of amplication in C .reflexa is shown in
lanes 1, 2, 5, 6, 9, 10, 13, 14 and that in C. chinensis in lanes 3, 4, 7, 8,
11, 12, 15, 16. Unique bands are marked with black arrows: lanes 5 and
6 (C1-690 bp) and lanes 7 and 8 (C2-576 bp). Lane M: 1kb marker and
Lane m: 100 bp marker.

RESULTS
RAPD analyses of genomic DNA of C. reflexa and C.
chinensis was performed with a OPC primer kit. Out of 20
decamers (Operon primers) screened, 13 primers showed
polymorphism. OPC 9,10,13,17,18,19,20 failed to show polymorphism. However, RAPD profiles obtained with only 4
decamers (OP-01-OP-04) showing the highest degree of
polymorphism (62%) are reported in this study. Out of these
primers, OPC-02 generated unique amplicons of 690 bp in
C. reflexa (C1) and 576 bp in C. chinensis (C2), respectively
(Figure 1).

Figure 2. Nucleotide sequence of the cloned amplicon of C.
reflexa where sequences selected for specific primers synthesis are
underlined.

I. Development of SCAR Markers
The unique amplicons from the RAPD profiles of each
species, were cloned into pGEMT easy Vector (Promega Pvt
Ltd.) and sequenced using the automated sequencer (Bangalore Genei, Bangalore, India). Short internal sequences
of RAPD amplicons (Figures 2 and 3) were employed for
designing the specific (SCAR) primers using PrimerBlast
program. Homology searches were performed using nonredundant database at Genbank using Blast at National Centre
for Biotechnological Information (NCBI) with the sequenced
RAPD amplicons from both Cuscuta species. Results from
the Blast analysis revealed that these sequences did not have
any similarity with the sequences in the database and were
also was not contaminated with the vector sequence. These
unique sequences were thereafter submitted in the gene bank
(Accession No: HQ153039 and HQ153040).
Based on the characterized sequences, specific primers
for C. reflexa C1F (5′- CGGATTCCTGGAGTTTATGC-3′)
and C1R: (5′- GTGAATGCGAGGACGAGTTG -3′) and for C.
chinensis C2F (5′-CGTGATTTCGGACGTGAAAA-3′) and
C2R (5′-CGTGACGGTGTACTCGAATG-3′) were designed

Figure 3. Nucleotide sequence of the cloned amplicon of C.
chinensis where sequences selected for specific primers synthesis are
underlined.

and their thermodynamic efficiencies were confirmed.
The genomic DNA of each powdered seed sample was
separately amplified using the SCAR primers. The amplification product of 589 bp was produced only with the genomic
DNA of C. reflexa and no amplification was detected with
the genomic DNA of C. chinensis when C1F and C1R were
used (Figure 4). Similarly, using C2F and C2R, an amplification product of 464 bp was detected only with the genomic
DNA of C. chinensis, but no amplification with the genomic
DNA of C. reflexa (Figure 5). These results confirmed the

474
Journal of Food and Drug Analysis, Vol. 20, No. 2, 2012

specificity of the SCAR primers and SCAR markers, which
therefore, can be utilized for the purpose of authentication of
the genuine herb (powdered/whole seed of C. reflexa) from
its adulterant (powdered/whole seed of C. chinensis) in the
market samples.
Further, the seed powders of the two Cuscuta species
were mixed in different ratios (Table 1) and the DNAs
extracted from these mixed powdered seed sample were
amplified using each SCAR primer sets, C1F and C1R for
C. reflexa and C2F and C2R for C. chinensis, respectively.
The results revealed a gradual reduction in the level of intensity of amplicons with respect to a decrease in the amount
of the target herb in the mixture of powdered seed sample
of the two Cuscuta species. The amplification was observed

up to 10% of the genuine herb or adulterant present in the
mixture, when specific SCAR primers for either of the two
Cuscuta species were used for the amplification of genomic
DNA pool obtained from the mixture of powdered seeds
from the two species (Figures 6 and 7). In terms of genomic
DNA requirement, C1F and C1R primers were able to
amplify upto 6 µg of DNA from C. reflexa, where-as C2F
and C2R primers were able to amplify upto 4 µg of genomic

M 1

2

3

4 5

6

7

8

9

10

31b
21b

M 1 2

3

4 5

6

7

8

9

10 11 12 13 14

11b
700bp
500bp

31b
21b
11b
500bp
400bp
300bp

Figure 4. PCR amplification of C. reflexa and C. chinensis using the
SCAR primers specific to C. reflexa. Amplification was observed only
with the genomic DNA of C. reflexa (lanes1-10) and no amplification
was seen with the DNA of C. chinensis (lanes 11-14).

M

1

2

3

4

5

6

Figure 6. PCR amplification of the mixtures of DNA samples
extracted from the dried seed powders of C. reflexa and C. chinensis
mixed in different ratios using the SCAR primers of C. reflexa. A
gradual decrease in the level of amplification was seen with the
decrease in the amount of powder of C. reflexa in the mixture. (Lane
1- C1:C2-10:0, Lane 2- C1:C2-9:1, Lane 3- C1:C2-8:2, Lane 4- C1:C27:3, Lane 5- C1:C2-6:4, Lane 6- C1:C2-5:5, Lane 7- C1:C2-4:6, Lane
8- C1:C2-3:7, Lane 9- C1:C2-2:8, Lane 10- C1:C2-1:9).

M

1

2

3

4

5

6

7

8

9 10

7
31b
21b
1.51b

31b

11b

21b
11b

500bp
400bp
300bp

500bp

Figure 5. PCR amplification of C. chinensis and C. reflexa using the
SCAR primer specific to C. reflexa. Amplification was observed only
with the genomic DNA of C. chinensis (lanes 1 - 4) and no amplification was seen with the DNA of C. reflexa (lanes 5 - 9).

Figure 7. PCR amplification of the mixtures of DNA samples
extracted from the dried seed powders of C. chinensis and C. reflexa
mixed in different ratios using the SCAR primers of C. chinensis.
A gradual decrease in the level of amplification was seen with the
decrease in the amount of powder of C. chinensis in the mixture.
(Lane 1- C2:C1-10:0, Lane 2- C2:C1-9:1, Lane 3- C2:C1-8:2, Lane 4C2:C1-7:3, Lane 5- C2:C1-6:4, Lane 6- C2:C1-5:5, Lane 7- C2:C14:6, Lane 8- C2:C1-3:7, Lane 9- C2:C1-2:8, Lane 10- C2:C1-1:9).
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DNA from C. chinensis in the mixture of genomic DNAs
extracted from the mixture of powdered seed samples from
both Cuscuta species.

DISCUSSION
C. reflexa is also known as Akashbela, Tukhm-e-Kasoos
(dodder), Aftimoon or Kasoos in traditional medicine. The
seed and stem of C. reflexa and C. chinensis are more or less
similar in morphological traits and difficult to distinguish
from each other in their dried forms. C. reflexa is leafless,
with very long, rather stout, closely twining and branched
stem, which is pale greenish/yellow, sometimes dotted with
red. The brownish-black mature seeds are smooth, extrillate
and about 0.4 - 0.6 mm in diameter, convex on one side and
concave on the other. The seeds are devoid of any odour,
but have a characteristic bitter taste. The albuminous seeds
contain a coiled 3 - 4 mm-long embryo, while fleshy cotyledons are absent. On the other hand, the stem of C. chinensis
is thin and thread-like but not stout. The fruit is about 1/8
inch in diameter with thin papery walls and contains 1 to 4
seeds. The seeds are yellow to brown or black, nearly round
and have a fine rough surface with one round and two flat
sides. These morphological traits may vary under different
environmental conditions prevailing in the surroundings
and, hence, are not reliable for the authentication of both
medicinal plants in the dried as well as fresh states.
Since adulteration immensely decreases the potential
therapeutic value of the drug, quality assurance and correct
identification of the genuine drug from its adulterant is
essential to make therapeutically effective formulations.
The polymorphism between C. reflexa and C. chinensis
was detected efficiently in our previous paper by RAPD
analysis(22), which may be due to the nucleotide base differences at various loci of the genome in both the species. The
different banding pattern was detected in both the plants in
RAPD profiles with primers OPC-01 to OPC-04 (Figure 1).
Primer OPC-02 however, generated high intensity unique
bands of sizes 690 bp and 576 bp in C. reflexa (lanes 5 & 6)
and C. chinensis (lanes 7 & 8). These unique bands can be
used to distinguish the two species of Cuscuta. The RAPD
amplicons have been reported to identify a large number
of medicinal species from their close relatives or adulterants including Panax(23), Coptis(24), Astragalus(25), Lycium
barbarum L.(26), Panax ginseng(27), Echinacea species (28),
Turmeric(29), Astragali(30), Dendrobium officinale L.(31),
Typhonium(32), Dendrobium and its products(33), Mimosae
tenuiflorae cortex(34), Tinospora cordifolia(35), Rahmannia
glutinosa cultivars and varieties(36), Desmodium(37), Glycirrhiza glabra(38), Piper nigrum(39), Cuscuta reflexa and
Cuscuta chinensis(22).
Compared with RAPD markers, SCAR markers are
more stable, repeatable and convenient in practical application. Thus, the conversion of RAPD marker to SCAR marker
by sequencing of amplified bands can provide effective
methods for the identification and classification in various

species(40). In this study we have sequenced the unique
RAPD amplicons of C. reflexa and C. chinensis (690 bp and
576 bp, respectively) and designed internal sets of primers
(C1 and C2). The primer specific to C. reflexa (C1) generated
a single band (589 bp) with the genomic DNA of C. reflexa
and no amplification was detected with the genomic DNA of
C. chinensis. Similarly, the primer specific to C. chinensis
(C2) produced a single band (488 bp) with the genomic DNA
of C. chinensis and no amplification was observed with
the genomic DNA of C. reflexa(41). Thus, SCAR primers
employed herein can be used for the differentiation of these
two Cuscuta species.
SCAR markers hold many advantages over RAPD
markers as they detect only a single locus and their amplification is less sensitive to reaction conditions(40,22). Only one
PCR-product is generated in PCR amplification which can be
visualized either on EtBr stained agarose gel or by measuring
the DNA concentration in the solution of PCR product using
an ELISA reader or other rapid scanning devices capable of
measuring absorbance at 260 nm(42).
Further, the seed powders of the two Cuscuta species
were mixed in different ratios (Tables 1a and 1b). The observations revealed a gradual reduction in the level of amplification with respect to the decrease in the amount of the target
herb by the specific primer set, C. reflexa (C1F and C1R)
and C. chinensis (C2F and C2R). Up to 10% of the genuine
herb or adulterant present in the mixture was observed when
specific SCAR primers for either were used, for the amplification of the genomic DNA pool obtained from the mixture
of powdered seeds, in separate PCR experiments. These
SCAR markers were also able to amplify upto 6 µg of DNA
from C. reflexa and 4 µg of DNA from C. chinensis present
in the genomic DNA pool extracted from the mixture of
powdered seed samples from both Cuscuta species (Figures
6 and 7). A large number of researchers are working on
SCAR marker development for the medicinal herbs such as
Artemisia(15), Phyllanthus(43), Panax(44), Atractylodes(45),
Echinacea(46), Panax japonicas(47), Phyllanthus(18), Pueraria tuberose (Roxb. ex. Wild.)(17), Anthricus sylvestris(48),
Jatropha curcas(49) and Curcuma alismatifolia(50), but to the
best of our knowledge, there is no published report on detection efficiency and sensitivity of SCAR markers.
In our study, we have attempted to measure the detection efficiency and sensitivity of developed SCAR markers.
However, much work is still needed on this aspect. Apart
from the specificity and sensitivity of the SCAR primers, a
number of factors including the amount of DNA isolated, the
number of PCR cycles and the method for the detection of
amplified product also play an important role. In our lab, we
are working on these aspects so that the adulterant can be
detected with the lowest possible detection limit.

CONCLUSIONS
In this study two species-specific SCAR markers, one
for C. reflexa and one for C. chinensis, were developed from
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RAPD amplicons. PCR amplification with these SCAR
primers (C1F-C1R and C2F-C2R) clearly, demonstrated the
specific bands of 589 bp and 464 bp for C. reflexa and C.
chinensis, respectively. Thus, the two SCAR markers could
be used for the rapid authentication of C. reflexa and C.
chinensis individually or in mixture in the market samples of
the herbal drug, C. reflexa. This method is highly sensitive,
efficient and reproducible. The quantity of the starting material required is very small as compared to other conventional
pharmacognostic techniques and many samples can be tested
within a short time. These markers are not only important for
collecting passport data of medicinal raw drugs, but also for
routine quality control in the herbal industry as well as in
commercial testing laboratories. Once the markers and standard protocol are available, this technique would prove to be
even more efficient and cost effective than the conventional
HPLC/HPTLC methods.
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